This paper presents the design and implementation of a navigation control system for Unmanned Ground Vehicles (UGV). Three actuators for steering system, speed control and braking systems are designed and implemented to convert an electric car to be unmanned vehicle. A mathematical model for Ackerman steering is modeled and simulated using MATLAB/SIMULINK. The concept of structure of the system and the modularity and redundancy of the implemented control algorithms are emphasized during system development. The proposed navigation system includes longitudinal control and lateral control. Longitudinal control is responsible for controlling the speed of the vehicle through the accelerator actuator. Lateral control is responsible for controlling the direction by using steering motor. The proposed navigation control system is implemented based on GPS with an integrated digital compass. The distance error of the vehicle position is calculated according to vehicle heading. Of coarse the simulation path from simulation results, is coincident on the required path. Form experimental testing results there are good correlations for actual and required navigation between two points, three points and four points. There is a little difference between actual vehicle path and required path. This is due to using commercial (low-cost) sensors and actuators. The significance of this work is in the understanding of the transition from theory to practice and to integrate the necessary technology for local manufacturing of these types of vehicles.
INTRODUCTION
Unmanned vehicles are devices that can move around and perform tasks without an operator onboard. It is normal for the operator of an unmanned vehicle to direct the behavior of the vehicle from a remote location. Unmanned vehicles are used in many applications such as mine detection, mine disposal, working in high radiation environments, surveillance and etc. [1] . According to robotic point of view, unmanned vehicles can be classified to Tele-operated and autonomous. The teleported vehicle system receives navigational guidance remotely from off board driver; while the autonomous vehicle can find its way (navigate) depending on sensors installed on board and processing resources. X. Liu and B. Dai [2] , deducted that the Unmanned Ground Vehicles UGV will be the main weapon of armies in 21 st century. That deduction was the result of reviewing the history of the UGV in military field and studying the key technologies of autonomous systems in some latest examples of UGVs. H. Lim et al [3] presented a nonlinear model predictive tracking control strategy for a six-wheeled nonholonomic UGV. The tracking error was minimized using optimal control. The performance of proposed control was verified experimentally by six-wheeled mobile robot platform. M. Noor et al [4] developed a remote-operated multi-directional UGV. PIC microcontroller and Xbee Pro as transceivers were used to make a UGV prototype to verify the moving ability of the proposed UGV via actual practice. T. Czapla and J. Wrona [5] presented the history, current state of knowledge and future perspectives of unmanned technology application for military ground vehicles. In addition to, a detailed description of the development of unmanned technology. G. Wilson, et al [6] designed three prediction models for calculating maximum allowable velocity of UGV for traveling on rough unknown terrain. J. Lee, [7] designed a remote control station and its software architecture for efficient control of UGV in combat fields. The significant role of the UGVs in the future military operations was the motivation for that work [8] . M. YounGeun et al. [9] , designed a speed control and path following algorithm which proposed test driving robot. The algorithms were verified and tested by computer simulation and T-car test. From analysis the results, the proposed speed control RC Proceedings of the 17 th Int. AMME Conference, April 19-21, 2016 algorithm decreases the overshoot caused by nonlinear parts of the vehicle dynamics and the performance of the path following algorithm.
This paper presents the steps for converting an electric vehicle to be unmanned ground vehicle using three actuators for controlling steering, speed and braking systems. A mathematical model for the developed unmanned vehicle is simulated for path between two points and multi points using MATLAB/SIMULINK. For navigation, a driving algorithm is proposed using GPS and compass, and steering/speed/brake management. The proposed UGV is considered as a basic platform for researchers to test and integrate their efforts to produce full autonomous vehicle.
PROPOSED UNMANNED VEHICLE
An electric vehicle shown in Fig. 1 driven by 48-V DC electric motor installed on the rear axle is converted to unmanned vehicle UGV. Three actuators for steering, accelerating and braking systems are designed. First, a DC motor was integrated with a variable resistance (multi turn potentiometer) to work as a servo motor for controlling the steering of the vehicle (steered by wire). Second a linear actuator is installed to control the car speed. Third a linear actuator is installed to stop and brake the car. Table 1 lists detailed dimensions and specifications of the UGV. 
Actuators (1) Steering system
The steering system is controlled by 12V DC electric motor combined with chain sprocket mechanism installed on the steering column without removing the steering wheel to keep the option of regular driving. A variable resistance (multi turn potentiometer) is used to control the DC motor to work as a servo motor, shown in Fig. 2 . A calibration of the steering system using electric motor and multi turn potentiometer is carried out.
(a) Chain sprocket mechanisms (b)Servo motor
Fig. 2. Steering control mechanisms (2) Accelerating control
To control the car speed increasing or decreasing, a linear actuator (ball screw type)driven by 24V DC motor is installed to control the accelerator pedal, cross section of the actuator, shown in Fig. 3 . 
(3) Brakes control
To control the car for complete stop, a linear actuator (ball screw type) is installed beside brake pedal, shown in Fig. 3 . A calibration of the linear actuators for throttle and brakes are carried out. To enable full computer control of the vehicle actuation systems, the steering servo motor is controlled using PID position controller, shown in Fig. 4 . Because of unknown parameters of steering servo motor the controller parameter were determined by System identification then tuned to provide the fastest, stable response at all times. The accelerator and brake control run in parallel; however, the vehicle will never attempt to accelerate while braking and vice versa.
Sensors (1) Global positioning system (GPS)
Global Positioning System (GPS) sensor, shown in Fig. 5 is a true position sensor which will provide accurate Latitude-Longitude position. A GPS with different corrections provide position with sub-meter Circular Error Probable (CEP) accuracy. Sub-meter accuracy is sufficient for a mid-size vehicle to navigate a defined course. 
NAVIGATION CONTROL SYSTEM
The navigation is the translation between two coordinates. So the navigation process starts by determining the required points and their Cartesian coordinates. These points are fed to the proposed navigation control system shown in Fig.7 .This proposed navigation system include the longitudinal and lateral control. Longitudinal control is responsible for controlling the speed of the vehicle through the accelerator actuator. Lateral control is responsible for controlling the direction by using steering motor. The actual vehicle coordinates are obtained. The distance error longitudinal and lateral of the vehicle position is calculated according to vehicle heading. Fig.8 presents the wheels angle error control by using PID controller with considering the mechanical limitation of the steering mechanism. Fig. 9 introduces the flow chart of wheel angle control. 
MATHEMATICAL MODEL
The electric car is a typical Ackerman steered vehicle. It has all the wheels perpendicular to the instantaneous center of rotation due to the geometry of Ackerman steering mechanism. Therefore, the vehicle model includes four rigid wheels; the two front wheels are steerable, while the two rear wheels are fixed as shown in Fig.10 from car heading direction. The tangential velocity of the rear axle center point is given by (V). For the steady turning, the turning radius of the car (R) is given by:
For on road automobile driving, many researchers have used the bicycle model with linearized states to design trajectory tracking controllers with consideration for the pneumatic tires [10] . The mathematical model of the vehicle is simulated as a bicycle model using MATLAB/SIMULINK, as shown in Fig. 11 . 
RESULTS AND ANALYSIS

Two Points Trajectory
Two points trajectory test is performed for examining the proposed UGV systems (actuators, sensors and navigation driving algorithm). Fig. 12 shows the actual and theoretical path between two points of navigation.
Three Points Trajectory
In this experiment, the three point's trajectory tracking task was given to the UGV to check whether the performance analysis of the proposed navigator algorithm between two points could be extended to the real system. Fig. 13(a) shows the actual coordinates of three points for navigation. The difference between simulated path, actual path and input path is shown in Fig. 13 (b) . The results show that the simulated path is coincident over the input path. There is a little difference between actual path and required path. This is due to linearization of the bicycle model and neglecting the effect of tire model. 
Four Points Trajectory
The performance of the proposed tracking method was valued through the simulation scenario with the desired four point's trajectory to follow, as shown in Fig. 14 (a) .The difference between simulated path, actual path and input path is shown in Fig. 14 (b) . As the UGV dynamics and its input constraints, it was difficult for the UGV to track the given trajectory perfectly because of the sharp 90° turns at the corners. 
CONCLUSIONS
An electric car is converted to be unmanned vehicle by using three actuators for steering, accelerating and braking systems. A position controller was implemented to prevent simultaneous operation of accelerator and brake actuators.
A mathematical model for Ackerman steering is modeled and simulated using MATLAB/SIMULINK. The proposed navigation system is implemented based on GPS integrated with a digital compass. The navigation system includes a longitudinal control for car speed and a lateral control for direction. From simulation results, the simulation path is coincident on required path. Form experimental testing results there are good correlations for actual and required navigation between two points, RC Proceedings of the 17 th Int. AMME Conference, April 19-21, 2016 three points and four points. Commercial sensors and low cost actuators in addition to linearization of the bicycle model are the reasons of that little difference between actual vehicle path and required path.
